Rapid Response Teams (RRT) are specialised teams that review deteriorating ward patients in an attempt to prevent morbidity and mortality. Most studies have assessed the effect of implementing an RRT into a hospital. There is much less literature on the characteristics and outcomes of RRT patients themselves. This article reviews the epidemiology of adult RRT patients in Australia and proposes three models of RRT syndromes. The number of RRT calls varies considerably in Australian hospitals from 1.35 to 71.3/1000 hospital admissions. Common causes of RRT calls include sepsis, atrial fibrillation, seizures and pulmonary oedema. Approximately 20% of patients to whom an RRT has responded have more than one RRT call, and up to one-third have issues around end-of-life care. Calls are least common overnight. Between 10 to 25% of patients are admitted to a critical care area after the call. The in-hospital mortality for RRT patients is approximately 25% overall but only 15% in patients without a limitation of medical therapy. RRT syndromes can be conceptually described by the trigger for the call (e.g. hypotension) or the clinical condition causing the call (e.g. sepsis). Alternatively, the RRT call can be described by the major theme of the call: "end-of-life care", "requiring critical care" and "stable enough to initially remain on the ward". Based on these themes, education strategies and quality improvement initiatives may be developed to reduce the incidence of RRT calls, further improving patient outcome.
Rapid Response Systems (RRS) aim to identify, review and treat deteriorating ward patients 1 . They have been introduced into multiple hospitals worldwide despite conflicting evidence of their effectiveness 1, 2 . Multiple studies reveal that such systems are reviewing increasing numbers of patients. The vast majority of studies of the RRS and its effector arm, the Rapid Response Team (RRT), have focused on what happens to the outcome of all ward patients when an RRS is introduced into a hospital system. The most commonly studied outcome measures include cardiac arrest, unplanned intensive care unit (ICU) admissions and unexpected deaths 1 .
There is much less information about the characteristics and outcomes of patients reviewed by the RRT 3 . Accordingly, in this article the epidemiology of adult RRT patients in Australia is reviewed. Spec-ifically, the article outlines the frequency, causes and outcomes of patients reviewed by the RRT (summarised below). An additional aim is to develop models of RRT syndromes that might be used to guide strategies to improve ward staff and responder education, and to guide future quality improvement initiatives for deteriorating ward patients.
Summary of epidemiology of the Australian adult RRT patient
• The frequency of RRT activations varies considerably, from 1. 35 -15% for patients with no limitation of medical therapy -50% for patients with a limitation of medical therapy. • Admission to critical care areas occurs in 10 to 25% of patients following RRT review. • Up to one-third of RRT calls occur in patients with end-of-life care issues.
METHoDS

Search strategy and study selection
A PubMed search was conducted, searching between January 1995 and october 2013 using the following medical subject heading search terms: "Rapid Response Team", "Rapid Response System AnD hospital" and "Medical Emergency Team". Articles were restricted to humans, adults, English language and the Australian setting. Abstracts of articles were reviewed and articles were included if they contained information describing aspects of the epidemiology of the RRT adult patient. Articles were excluded if they only described the effects of RRS implementation on the outcomes of hospitalised patients.
Details of study analysis
Studies were collated into the following categories common to epidemiological studies 4 : incidence or frequency, distribution, causes or precipitant, detection, and outcomes. These categories were contextualised and adapted according to the prevailing themes of the available RRT-related literature.
Models of RRT syndromes
Three theoretical models of RRT syndromes were developed based on the themes identified in the literature reviewed. These were constructed with the aim of guiding the development of frameworks for staff education and training, as well as to assist in developing quality improvement initiatives to improve the outcomes of deteriorating patients.
RESULTS
Details of literature review
Using the search strategy, the medical subject heading terms of "Medical Emergency Team", "Rapid Response System AnD hospital" and "Rapid Response Team" identified 2913, 1055 and 162 articles, respectively. From these, a total of 28 articles described the epidemiology of adult RRT patients in Australia.
Frequency of RRT reviews
The first report of the RRT concept in Australia was published in 1995 by Ken Hillman's group in Liverpool, Sydney 5 . The subsequent uptake of RRSs in Australia was avid, such that by 2005 they were present in at least 64% of ICU-equipped Australian hospitals 6 . Multiple studies reveal an increase in annual calls with time [7] [8] [9] [10] .
A number of studies provide an estimate of the frequency with which hospitalised patients are reviewed by the RRS, most often quoted as RRT calls/1000 admissions (where same-day admissions are excluded). Single-centre publications of Australian RRSs reveal a review rate between 8.7 and 71.3/1000 admissions [11] [12] [13] .
A recently published study outlined the change in annual RRT calls in 35 adult hospitals in Australia 10 . It reported data on 4.91 million hospital admissions and 99,377 RRT calls. It revealed that the number of RRT reviews per financial year varied almost 53-fold, from 1.35/1000 admissions in a rural or regional hospital in 2007/2008 to 71.32/1000 admissions in a tertiary-level hospital in 2009/2010. The median number of annual RRT reviews was 14 (8 to 30) calls/1000 admissions. In the 2008/2009 financial year, there were a total of 18,800 RRT reviews. As the study enrolled only one-third of RRS-equipped Australian hospitals, it is possible that RRSs review more than 50,000 patients in Australia each year 10 .
Causes of RRT calls
Relatively few studies have reported on the conditions that trigger RRT calls ( Table 1) . Existing studies are limited by sample size and lack of strict case definitions to ensure accurate reporting of diagnoses. The largest study conducted suggested that cardiogenic pulmonary oedema, atrial fibrillation and sepsis were common causes of RRT activation 14 .
In another study of an RRS where emergency department patients were reviewed, acute respiratory failure, status epilepticus, coma and severe drug overdose were common causes of RRT review 5 . In a study exploring the role of non-invasive ventilation in RRT calls, 11% of the 3880 patients reviewed by the RRT over a six-year period received this therapy. The four most common MET diagnoses associated with the commencement of non-invasive ventilation were acute pulmonary oedema (32.3%), pneumonia (17.4%), acute respiratory failure of unclear origin (12.2%) and exacerbation of chronic obstructive pulmonary disease (6.6%) 15 .
In a six-hospital study conducted over 12 months during 2006 in Sydney, 29% of 3194 RRT calls were triggered by the worried criteria 12 . Among these, breathing problems (35.2%) hypoxaemia (26.9%) and respiratory distress (14.4%) were the most common triggers. However, the clinical cause of these symptoms or signs was not determined in this study. Daly and co-workers studied 68 RRT calls in 63 patients over 12 months and found the most common causes of calls to be chest pain (19.1%), cardiac arrest (14.7%), seizures (14.7%) and respiratory distress (13.2%) 16 .
Repeat RRT calls
A repeat RRT call describes the phenomenon whereby a patient receives more than one RRT call during the same hospital admission. In an early study of a RRS, Buist et al reported that the RRT was called 152 times for 124 patients and that 21 (16.9%) patients had more than one call 17 . In a single-centre study that focused specifically on repeat RRT calls, Calzavacca and co-workers revealed that 22.5% of patients had repeat RRT review 18 . Patients subject to repeat review were more likely to be admitted under a surgical unit, have gastrointestinal disease and need RRT review for arrhythmia. In addition, repeat RRT review patients had a 50% longer hospital stay and a 34.6% increase in in-hospital mortality.
A seven-hospital study of RRT calls over a onemonth period revealed that 19.1% of 518 patients had repeat MET calls 19 . Parr and co-workers found that 102/559 (18.2%) patients received more than one RRT call in a study of 713 calls over 12 months in 1998 20 . Finally, in a study of 8304 RRT calls, Schneider et al revealed that 26.1% of calls were repeat calls 21 .
Timing of RRT activation
In a single-centre study of the circadian activation of 2568 RRT calls, triggering of the RRT was least frequent overnight and peaked around the times of nursing handover and vital sign measurements 22 . Analysis of the timing of RRT calls in a seven-hospital study also revealed that calls were least common overnight and most common during working hours 23 . DeVita has suggested that such circadian variation of RRT activation reflects the frequency with which caregivers visit the patient and thus detect crises 3 . The same seven-hospital study also revealed that approximately one-quarter of all RRT calls occur within 24 hours of admission to hospital 23 . Litvak and Pronovost have suggested that RRT calls may be needed when there is failure of triage and disposition 2 .
Failed and delayed RRT activation
Bucknall and co-workers studied the point prevalence with which patients fulfilled hospitalspecific RRT activation criteria in ten Victorian hospitals when nursing students performed a single set of vital signs 24, 25 . They recruited 77% of the 2199 inpatients on a single day and found that 3.26% (≈ 1/30) patients fulfilled RRT criteria. Only 3.6% of these patients received a RRT review in the next 24-hour period. Patients with RRT criteria had an inhospital mortality of 9.1%, compared with 2.6% in those without RRT criteria.
In the Medical Emergency Response and Intervention Trial (MERIT), a high proportion of patients suffering adverse events had hospital-specific RRT criteria for more than 15 minutes but did not receive a call 26 . This proportion was 30% for cardiac arrests, 51% for unplanned ICU admissions and 50% for unexpected deaths not related to cardiac arrests. In a single-centre study of 162 cardiac arrests, 28% occurred shortly after an initial RRT call, suggesting delayed RRT activation 27 . Two single-centre studies revealed that patients subject to RRT review have delayed activation (defined as presence of RRT criteria for >30 minutes) in 24 to 50% of cases, depending on the clinical trigger leading to the RRT call 28, 29 . Delayed RRT activation was associated with a doubling of in-hospital mortality.
Trinkle and Flabouris assessed the incidence of 'afferent limb failure' for a number of critical events 30 . of the 575 events that occurred in 443 patients, 395 (68.7%) were RRT reviews. Among these RRT reviews, 83 (21.0%) had 'afferent limb failure' (delayed or failed RRT activation). There was a trend for increased mortality among patients with 'afferent limb failure' (41.5% versus 30.4%, P=0.09) 30 .
Admission to critical care following RRT review
In a single-centre study of 2237 calls in 1664 patients, Calzavacca revealed that 16.0% required admission to a critical care unit (ICU or high dependency unit) shortly after RRT review. This rate was 13.2% for patients subject to single RRT review and 25.7% for patients subject to repeat review 18 . Casamento et al studied the outcomes of 195 RRT calls over nine months and found that 17.9% required admission to ICU and 7.2% required admission to high dependency unit 9 . Trinkle and Flabouris revealed that 106/395 (26.8%) RRT calls required ICU admission 30 .
In a study of 299 RRT calls occurring over a threeyear period, Salamonson et al reported that between 31 and 44% of patients were admitted to ICU after RRT review 31 . In a two-hospital comparison, young et al reported ICU admission rates of 10.3% and 15% after RRT review 13 . Finally, in a large teaching hospital in new South Wales, Parr and co-workers reported that 252/559 (45%) RRT calls were admitted to the ICU after review 20 .
In-hospital mortality of patients subject to RRT review
Multiple Australian studies reveal that RRT patients are at increased risk of in-hospital death ( Table 2) . Published studies report an overall inhospital mortality between 23.3% and 34.3% 9, 10, [17] [18] [19] [30] [31] [32] [33] . In studies that have assessed the influence of Limitations of Medical Therapy (LoMT) orders on patient outcome, the in-hospital mortality is reported at 48.4 to 100% for patients with LoMT orders and 12.3 to 24.3% for patients without LoMT orders 9, [17] [18] [19] . In a study of 35 Australian hospitals, the in-hospital mortality for 70,924 patients subject to RRT review was 24.3%, compared with 1.6% for all hospital patients over the same period 10 (Table 2) . Finally, over the three-year study period, Salamonson and co-workers reported an in-hospital mortality ranging between 29 and 33% for RRT patients 31 .
The RRT and end-of-life care
The role of the RRT in reviewing hospitalised patients with end-of-life care (EoLC) issues has been reviewed elsewhere 19, 34 . In summary, up to 30% of RRT calls occur in patients who have EoLC issues. In up to 20% of cases, there is an existing EoLC issue prior to the RRT call occurring. In a further 10% there is a new implementation of a LoMT following RRT review. Predictably, RRT patients with EoLC issues are older, less likely to be from home, less likely to be admitted with a surgical condition and more likely to die in hospital 19 .
RRT syndromes and their implications for training and preventative strategies
The concept of RRT syndromes was first coined by DeVita 3 . Conceptually, RRT syndromes might be considered in the context of three models (Table 3) . Thus, RRT syndromes could be based on the RRT trigger for the call (e.g. hypotension, respiratory distress, altered conscious state) or the clinical condition causing the call (e.g. pulmonary oedema, sepsis). These approaches permit estimation of the proportion and importance of each clinical condition or trigger contributing to RRT caseload. Such an approach also allows the development of standardised approaches to the RRT response and intervention, minimising unwanted practice variation. Furthermore, understanding common causes of RRT calls can guide education and training of ward staff to improve the early detection, diagnosis and treatment of deterioration due to such conditions. Alternatively, the RRT syndrome might be based on the outcome and major theme of the call (Table  3) . Thus, approximately one-third of calls relate to EoLC issues 19, 34 . In one-fifth to one-tenth of calls, the patient requires further escalation of care, critical care expertise and admission to a monitored or critical care area 9, 13, 18, 20, 30, 31 .
Consequently, approximately half of calls occur in patients who will initially remain on the ward and do not appear to immediately have EoLC issues. In such patients, any benefit of the RRT review is likely to relate to expeditious review, and education of ward staff might be a major goal of the RRT members. Furthermore, in patients remaining on the ward after RRT review, it may be possible to improve patient outcomes by increasing the frequency of review or intensity of monitoring and follow-up.
DISCUSSIon
Summary of findings
In Australia at least 64% of ICU-equipped hospitals have an RRS or equivalent. Available literature suggests that the RRS is a major and increasing mechanism for the review of deteriorating hospitalised patients. There is increasing evidence that patients subject to RRT review in Australia are at risk, as they require critical care admission in 10 to 20% of cases and have an in-hospital mortality of approximately 25%. Calls appear to be more common when caregivers are around to detect deterioration. Many patients who fulfil RRT criteria never get a call, and in up to 50% activation is delayed. Approximately one-third of calls occur in patients with EoLC issues. Delayed activation, need for repeat RRT call, need for critical care admission and presence of EoLC issues all increase RRT-related inpatient mortality. Limitations and strengths This is the first manuscript to specifically review literature related to the characteristics and outcomes of patients who are reviewed by the RRT. It highlights the fact that such patients are at a substantially increased risk compared with the overall hospital population. It also proposes an initial framework to conceptualise different patterns or themes within RRT reviews. Despite these strengths, the available literature is limited in quality and originates from a small number of hospitals. In addition, most studies did not use standardised definitions for many of the data elements reported. Finally, the models for RRT syndromes are opinion-based and currently lack scientific validation.
Implications for clinicians, researchers and policy makers
Existing literature suggests that there are several patterns or themes within RRT review. Studying the global and hospital-specific epidemiology of RRT patients may permit the development of preventive strategies in the period prior to RRT criteria being fulfilled. A similar approach was undertaken to study antecedents to cardiac arrests and unplanned ICU admissions during the 1990s 35 . This information may be used to provide education strategies for ward staff; to identify patient-related, disease-related and system factors contributing to RRT calls; and to improve EoLC planning and palliation in areas with a high proportion of EoLC RRT calls.
By studying the epidemiology of RRT calls in surgical patients it may be possible to identify risk factors for guiding anaesthetists in the perioperative management of patients, as well as the need for high dependency unit admission. It may also assist in the identification of at-risk patients who might benefit from medical perioperative co-management. In patients who receive RRT calls within 48 hours of admission to hospital, it may be possible to identify factors to improve discharge planning from either the emergency department or anaesthetic recovery unit.
In contrast, studies of EoLC RRT calls may identify patients who could benefit from earlier palliative care intervention. Existing literature suggests that this is most likely to involve older patients admitted with non-surgical conditions who are from supported accommodation or nursing homes.
ConCLUSIonS
The RRS is becoming a major mechanism for the recognition and response to deteriorating hospital patients. The patients reviewed by the RRT often require ICU admission and are frequently the subject of EoLC decisions. Further studies of the epidemiology of RRT patients are needed to guide the education of ward staff and RRT responders and to assist in the design of quality improvement projects to further improve patient outcome. There is also a need to improve the provision of palliative care services in some deteriorating hospitalised patients.
